SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of manufacturing 
a semiconductor device having circuits that are composed of thin 
film transistors (hereinafter referred to as TFTs) . Specifically, 
the invention relates to the structure of electro-optical devices 
represented by liquid crystal display devices and of electric 
appliances having as their parts the electro-optical devices, and 
the invention also relates to how to manufacture the devices . The 
term semiconductor device herein refers to a device in general which 
utilizes semiconductor characteristics to function, and the 
electro-optical devices and electric appliances described above 
fall within this category. 

2. Description of the Related Art 

A technique that has been a popular research subject in recent 
years is to use laser annealing to crystallize an amorphous 
semiconductor film formed on an insulating substrate such as a glass 
substrate or to improve crystallinity of a crystallized film. The 
amorphous semiconductor film is often formed from silicon. 

A glass substrate has advantages over a synthesized quartz 
glass substrate often used in the past, for it is inexpensive, is 
readily processible, and easily allows a large surface area to be 
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obtained . These are the reasons for the flood of researches mentioned 
above. Laser annealing is preferred in crystallizing a film on a 
glass substrate because glass substrates have low melting point. 
A laser can give high energy only to an amorphous semiconductor 
film without increasing the temperature of the glass substrate on 
which the film is formed much. 

A crystalline semiconductor is composed of many crystal 
grains and hence also called a polycrystalline semiconductor. A 
semiconductor film having crystal grains whose grain size is larger 
than the grain size of crystal grains of a semiconductor film is 
called a crystalline semiconductor film. A crystalline 
semiconductor film formed by laser annealing has high mobility. 
Therefore TFTs formed from crystalline semiconductor films are 
frequently used in, for example, a monolithic liquid crystal 
electro-optical device in which pixel TFTs and driver circuit TFTs 
are formed on the same glass substrate. 

An annealing method that is highly productive and 
industrially superior and hence is widely employed includes: 
choosing a high power pulse laser such as an excimer laser ; processing 
the pulse laser beam by an optical system into a spot beam that 
forms a few centimeter square on an irradiation surface, or into 
a linear beam extending 10 centimeters or longer on the irradiation 
surface; and performing scanning with the processed laser beam over 
the irradiation surface (or moving the laser beam irradiation 



position relative to the irradiation surface). 

The linear laser beam is particularly productive, for laser 
irradiation of the entire irradiation surface can be done by running 
the linear beam only in the direction perpendicular to the 
longitudinal direction of the linear beams, unlike the spot -like 
laser beam that has to be used for scanning in both longitudinal 
and lateral directions . The linear laser beam is run in the direction 
perpendicular to the longitudinal direction because it is the most 
® efficient scanning direction. Owing to this high productivity, 
laser annealing that uses a linear beam obtained by processing a 
pulse oscillation excimer laser beam through an appropriate optical 
system is becoming a mainstream technique for manufacturing a liquid 
crystal display device or the like from TFTs . This technique has 
made a monolithic liquid crystal display device reality in which 
TFTs for forming a pixel portion (pixel TFTs) and TFTs for forming 
driver circuits to be provided in the periphery of the pixel portion 
are formed on the same glass substrate. 

However, in a crystalline semiconductor film formed by laser 
annealing, plural crystal grains mass, so that the crystal grains 
with irregular grain sizes are distributed unevenly . In a TFT formed 
on a glass substrate, its crystalline semiconductor film is divided 
into island-like patterns in order to separate elements. With 
crystal grains of irregular grain sizes distributed unevenly, it 
is impossible to specify the position and the size of the crystal 



s\ 

O 

Ml! 
n 



01 



grains in forming a TFT. There are much more recombination centers 
and trap centers due to the amorphous structure or crystal defects 
in the interface between crystal grains (crystal grain boundary) 
than inside the crystal grains. It is known that if carriers are 
trapped in these trap centers, the potential in the crystal grain 
boundary is raised to block the carriers and degrade the current 
transportation characteristic of the carriers. While electric 
characteristics of a TFT heavily depend on the crystallinity of 

the semiconductor film for forming a channel formation region', it 
has been almost impossible to remove the adverse effects of crystal 

grain boundary and form the channel formation region from a single 

crystal semiconductor film. 

In order to solve those problems , various attempts have been 

made to control the position of crystal grains and increase the 

grain size by laser annealing. Now, a process a semiconductor film 

takes to solidify after the semiconductor film is irradiated with 

a laser beam is described first. 

It takes a while for the semiconductor film that has been 

thoroughly melted by laser beam irradiation to form crystal nuclei. 

When an infinite number of crystal nuclei are evenly (or unevenly) 

generated in a thoroughly melted region and grow into crystals. 

the solidification process is completed for the thoroughly melted 
semiconductor film. The crystal grains obtained through this are 
distributed unevenly and have irregular grain sizes. 



If the laser beam irradiation fails to melt the semiconductor 
film thoroughly and a solid phase semiconductor region partially 
remains, crystal growth is started immediately after the laser beam 
irradiation from the solid phase semiconductor regions. As 
mentioned before, it takes a while for the thoroughly melted region 
to generate crystal nuclei. Therefore, until crystal nuclei are 
generated in the thoroughly melted region, solid- liquid interface 
(meaning the border between the solid phase semiconductor region 
P and the thoroughly melted region) that is the crystal growth front 
moves in a direction parallel to the surface of the semiconductor 
film (hereinafter referred to as lateral direction). This causes 
crystal grains to grow to gain a length several tens longer than 
the thickness of the semiconductor film. Such growth is ended when 
an infinite number of crystal nuclei are evenly (or unevenly) 
generated and grow into crystals in the thoroughly melted region. 
This phenomenon will hereinafter be called a super lateral growth. 

An amorphous semiconductor film and a polycrystalline 
semiconductor film also have a region in which the energy of the 
laser beam is high enough to induce the super lateral growth . However , 
such high energy region is very narrow and where a crystal grain 
having a large grain size is to be formed cannot be controlled. 
In addition, regions other than the region in which crystal grains 
having a large grain size are formed are microcrystalline regions 
in which an infinite number of crystal nuclei are generated, or 
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amorphous regions . 

As described above , the position and the direction of crystal 
grain growth can be controlled if the temperature gradient in the 
lateral direction can be controlled (namely, if a heat flow running 
in the lateral direction can be generated) in the high energy region 
in which the energy of a laser beam is high enough to melt the 
semiconductor film thoroughly. Achieving this control has been 
tackled from various angles . 

For example, a method of forming crystal grains at designed 
positions is described in "Lateral growth control in excimer laser 
crystallized polysilicon: Thin Solid Films 337 (1999), pl37-pl42). 
First, a metal film (a single layer of Cr or a laminate film obtained 
by layering an Al film on a Cr film) is formed on an amorphous 
semiconductor film and is partially etched to form a metal film 
region and a metal film less region on the amorphous semiconductor 
film. The reflectance of Cr when the wavelength is 308 nm is about 
60% and the reflectance of Al for the same wavelength is about 90%. 
Accordingly, in irradiation of laser beam having a wavelength of 
308 nm, an amorphous semiconductor region under the metal film is 
irradiated less than an amorphous semiconductor region that is not 
covered with the metal film. In other words , there is a temperature 
gradient between the amorphous semiconductor region under the metal 
film and the amorphous semiconductor region that is not covered 
with the metal film. Therefore crystal nuclei generated in the 
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amorphous semiconductor region under the metal film grow laterally 
toward the amorphous semiconductor region that is not covered with 
the metal film and that remains melted. According to the report, 
crystal grains having a grain size of 1 to 2 jxm are formed through 
the lateral growth. 

Masakiyo Matsumura of Tokyo Institute of Technology, et al . 
made a presentation at the forty- seventh meeting of The Japan Society 
of Applied Physics and Related Societies about a method of forming 
a crystal grain having a large grain size at a designed position. 
According to the method, an organic SOG film is formed on a glass 
substrate and a silicon oxide film is formed on the organic SOG 
film. On the silicon oxide film, an amorphous silicon film is formed 
to bury an insulating layer ( buried insulating layer ) in the amorphous 
silicon film (Fig. 6C) . The buried insulating layer is quadrangular 
in top view and at least one vertex of the quadrangle is 60°. 

The silicon oxide film and the glass substrate form a random 
network of Si-O bonds. Accordingly, when the silicon oxide film 
is formed on the glass substrate and the silicon oxide film is 
irradiated with a laser beam, the energy given by the laser beam 
irradiation is easily transmitted to the glass substrate . However, 
if the silicon oxide film has a carbon-containing functional group 
(a silicon oxide film having a carbon -containing functional group 
is referred to as functional group containing silicon oxide film 
in this specification), the functional group terminates the bond 



and inhibits the film from participating in forming the network 
of Si-O bonds. A functional group containing silicon oxide film 
formed on a substrate thus has low heat transmission rate , effectively 
working as a heat retaining film. In this specification, having 
a heat transmission rate lower than that of the silicon oxide film 
and of the glass substrate is equal to having a heat retaining effect , 
and a film having the heat retaining effect is called a heat retaining 
film. A high heat transmission rate herein means a high heat 
O conductivity whereas a low heat transmission rate means a low heat 
conductivity. In irradiating the silicon oxide film with a laser 
beam, a phase shift mask (Fig. 6A) is used to give a gradient in 
energy of the laser beam (Fig. 6B) . Allegedly, the method thus form 
crystal grains having a large grain size at designed positions. 

An article by R. Ishihara and A. Burtsev, published in 
AM-LCD '98, pl53-pl56, 1998, reports a laser annealing method in 
which a high melting point metal film is formed between a substrate 
and a silicon oxide film serving as a base film, aruamorphous silicon 
film is formed above where the high melting point metal film is 
formed, and the substrate is irradiated with an excimer laser beam 
from both the front and back (the front side of a substrate is herein 
defined as a surface on which films are formed and the back side 
thereof is defined as a surface opposite to the surface on which 
films are formed) . A laser beam applied to the front side of the 
substrate is absorbed by the silicon film and changed into heat. 
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On the other hand, a laser applied to the back side of the substrate 
is absorbed by the high melting point metal film and changed into 
heat , thereby heating the high melting point metal film to a high 
temperature. The silicon oxide film provided between the heated 
high melting point metal film and the silicon film serves as a heat 
accumulating layer, so that the melted silicon film cools slowly. 
According to the report, a large crystal grain with the maximum 
diameter being 6 . 4 Mm can be formed in an arbitrary place by forming 
the high melting point metal film in an arbitrary place. 

A method called sequential lateral solidification method 
(the SLS method) has been developed by James S. Im of Columbia 
University, et al. to induce super lateral growth in a desired place. 
In the SLS method, a mask having a slit is moved along for every 
shot by a distance corresponding to the length of super lateral 
growth (about 0.75 \aa) to crystallize the film. 

The method in which a metal film is partially formed on 
an amorphous semiconductor film by laser beam irradiation for 
crystallization has drawbacks. Crystal grains obtained by this 
method have a small grain size of 1 to 2 p. Also, the method can 
control where the crystal grains are to be formed but it cannot 
control the formation position on a single crystal basis . The metal 
film that is formed directly on the amorphous semiconductor film 
also can cause a problem, in that the metal elements in the film 
diffuse into the amorphous semiconductor film. If this amorphous 



semiconductor film with the diffused metal elements is crystallized 
to form a crystalline semiconductor film and the crystalline 
semiconductor film is used to form a TFT. the TFT may have degraded 
electric characteristics. Furthermore, the method may cause 
cracking or peeling in the metal film and the amorphous semiconductor 
film. 

In the method disclosed by Matsumura et al. . the phase shift 
mask is necessary to give gradient to laser beam energy. In order 
S 3 to position the phase shift mask relative to the buried insulating 

5 layer, control with a micron- level precision is needed to thereby 
Q make the laser irradiation apparatus for this method more complicated 

6 than an ordinary laser irradiation apparatus. Also, the buried 
O insulating layer that is quadrangular in top view with one or more 

m 

!'*. corners of the quadrangle having an angle as wide as 60° results 
P in too many crystal nuclei in the semiconductor film below the wide 
corner or corners when the semiconductor film that has been melted 
by laser irradiation is cooled down. These crystal grains crowd 
the film and collide with one another as they grow, thereby lowering 
possibility of obtaining crystal grains of large grain size. 
Furthermore , the complicate structure of burying an insulating layer 
in an amorphous semiconductor film cause the trouble when it comes 
to forming a TFT. The trouble is that the buried insulating layer 
remains despite the fact that it has nothing to do with the actual 
function of the TFT. 
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The method proposed by R. Ishihara et al. can form a 
semiconductor film that may be used as an active layer of a top 
gate TFT structurally. However, this top gate TFT will have 
difficulty in operating at high speed because the silicon oxide 
film provided between the amorphous semiconductor film and the high 
melting point metal film generates parasitic capacitance to increase 
current consumption. On the other hand, the method will be useful 
for a bottom gate TFT or a reversed stagger TFT, for the high melting 
point metal film can serve as a gate electrode. Still, the method 
requires that a silicon oxide film is formed on a substrate, a high 
melting point metal film is formed on the silicon oxide film, and 
an amorphous silicon film is formed above where the high melting 
point metal film is formed. The thickness thereof, even if not 
counting the thickness of the semiconductor film in and considering 
only the thickness of the high melting point metal film and the 
silicon oxide film, does not amount to a thickness that is suitable 
both for crystallization process and for a TFT- element in terms 
of electric characteristics. Thus the method cannot satisfy the 
optimal design for crystallization process and the optimal design 
for element structure simultaneously. 

Moreover, when a high melting point metal film that does 
not transmit light is formed over the entire- surface of a glass 
substrate, it cannot form a transmissive liquid crystal display 
device. Also, a chromium (Cr) film or a titanium (Ti) film used 
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as the high melting point metal film has high internal stress, which 
probably leads to insufficient adhesion to the glass substrate. 
The high internal stress also influences the semiconductor film 
to be formed above the high melting point metal film and is likely 
to cause distortion in the resultant crystalline semiconductor film. 

On the other hand, in order to control the threshold voltage 
(hereinafter referred to as Vth) that is an important parameter 
in TFTs so that it falls within a given range, charged electrons 
in a channel formation region has to be controlled. In addition, 
in order to obtain controlled Vth. it is required that charge defect 
density is reduced in a base film formed from an insulating film 
in contact with an active layer as well as in a gate insulating 
film and that the internal stress in the films is balanced. These 
requirements are suitably met by a material containing silicon as 
its ingredient, such as a silicon oxide film or a silicon oxynltride 
film. Therefore, there is a fear that the high melting point metal 
film provided between the substrate and the base- film will disturb 
the balance . 

The SLS method requires control withamicron-level precision 
in positioning the mask relative to the substrate, thereby making 
the laser irradiation apparatus for this method more complicated 
than an ordinary one. Moreover, the method has a problem in 
throughput when it is used to form a TFT for a liquid crystal display 
device having a large area region. 
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SUMMARY OF THE INVENTION 
The present invention has been made to solve those problems 
and an object of the present invention is therefore to provide a 
crystalline semiconductor film in which the position and the size 
of crystal grains are controlled, and to provide a TFT that can 
operate at high speed by forming a channel formation region of the 
TFT from the obtained crystalline semiconductor film. Another 
object of the present invention is to provide a technique of applying 
the obtained TFT to various semiconductor devices such a"s a 
transmissive liquid crystal display device and a display device 
that uses an electro -luminescence material. 

The present invention increases the grain size of crystal 
grains of a crystalline semiconductor film formed by laser annealing . 
The invention is characterized in that the cooling process of a 
semiconductor film is slowed down using a heat retaining film formed 
between the semiconductor film and a substrate to reduce the heat 
loss rate of heat given by laser beam irradiation and that a reflective 
film is formed on a region of the semiconductor film which does 
not overlap the heat retaining film to create a temperature gradient 
in the semiconductor film, whereby crystal grains having a large 
grain size are formed at designed positions. The reflective film 
in this specification refers to a film having high reflectance. 
Since crystal growth length is in proportion to the product of growth 
time (a time period a melted semiconductor film takes to solidify) 
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and growth rate (speed at which the solid-liquid interface moves) , 
the grain size is increased as the cooling rate of the semiconductor 
film is lowered to prolong the growth time. The position of the 
crystal grain can also be controlled by controlling the cooling 
rate. 

The heat retaining film is formed using a silicon oxide film 
that contains methyl (CH 3 ) . ethyl (C 2 H 5 ) , propyl (C 3 H 7 ) . butyl (C 4 H 9 ) , 
vinyl (C 2 H 3 ) , phenyl (C 6 H 5 ) , or CF 3 group (functional group containing 
silicon oxide film) . A silicon oxide film containing any one of 
the groups given above does not participate in forming a network 
of Si-O bonds because the functional group terminates the bonds. 
The heat transmission rate is thus lowered and the film works 
effectively as the heat retaining film. It is also effective to 
use a porous silicon film or a porous silicon oxide film to form 
the heat retaining film. Owing to the pores , heat transmission rate 
is low in a porous silicon film or a porous silicon oxide film to 
make the film useful as the heat retaining film. 

When the functional group containing silicon oxide film is 
used for the heat retaining film , it is desirable to form an insulating 
film on the functional group containing silicon oxide film in order 
to prevent diffusion of impurities from the functional group 
containing silicon oxide film . In the case of using a porous silicon 
film or a porous silicon oxide film for the heat retaining film 
also, forming an insulating film on the porous silicon film or the 
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porous silicon oxide film is desirable in order to keep the surface 
level for the porous silicon film or the porous silicon oxide film. 

Described next is a method of varying the effective irradiation 
intensity of a laser beam on the semiconductor film by forming the 
reflective film to partially cover the semiconductor film. A 
distribution in effective irradiation intensity of laser beam can 
be created if a laser beam irradiates the semiconductor film from 
the side where the reflective film partially covers the semiconductor 
film. The description here takes as an example the case where the 
reflective film is a metal film and the semiconductor film is an 
amorphous silicon film. 

When an amorphous film with a thickness of 55 nm is irradiated 
with a laser beam, the reflectance varies depending on the wavelength 
of the laser beam as shown in Fig. 4 . When a metal film is irradiated 
with a laser beam also, the reflectance varies depending on the 
wavelength of the laser beam as shown in Fig. 5. In order to create 
a distribution in effective irradiation intensity of laser beam 
on the semiconductor film by forming a reflective film so as to 
partially cover the semiconductor film, the reflectance against 
the reflective film and the reflectance against the semiconductor 
film have to be the same, at least. Preferably, the reflectance 
against the reflective films is higher than the reflectance against 
the semiconductor film. However, note that the optimal condition 
may differ from mode to mode because the reflectance varies depending 



on the wavelength of the laser beam, the kind and the thickness 
of the semiconductor film, the kind of the reflective film, and 
the like . 

When the distribution in effective energy irradiation 
intensity is created by this method on the semiconductor film and 
the reflective film, a region of the semiconductor film which is 
under the reflective film receives laser beam irradiation of reduced 
intensity and does not melt thoroughly. As has been mentioned, if 
a solid phase semiconductor region remains partially , crystal growth 
is started immediately after the laser beam irradiation from the 
solid phase semiconductor region. The solid- liquid interface that 
is the crystal growth front moves in the lateral direction until 
crystal nuclei are generated in a thoroughly melted region . Crystal 
grains grow in this way and hence the obtained crystal grains can 
have a large grain size. Even if the region of the semiconductor 
film which is under the reflective film is thoroughly melted, the 
irradiation intensity of laser beam is not as strong as the intensity 
in the region of the semiconductor film which is not covered with 
the reflective film, and the region of the semiconductor film which 
is under the reflective film cools faster than the other region 
of the semiconductor film. Therefore crystal growth is started from 
the region of the semiconductor film which is under the reflective 
film and the crystal grains grow toward the other region of the 
semiconductor film. However , impurities will probably diffuse into 
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the semiconductor film from the reflective film and cracking and 
peeling are likely to take place in the semiconductor film and the 
reflective film if the reflective film is formed directly on the 
semiconductor film. It is therefore desirable to form an insulating 
film between the semiconductor film and the reflective film. 

The reflective film is polygonal in top view, and this polygon 
has an angle which is smaller than 60°. With the reflective film 
shaped as such, the crystal nuclei are generated at a smaller density 
in the semiconductor film below the vertex when the semiconductor 
film is irradiated with the laser beam. Thus collision between 



Q growing crystal grains can be avoided, 
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O The insulating film formed between the semiconductor film and 

the reflective film can function also as a reflection preventive 
film. Figs. 3A and 3B show changes in reflectance in the case where 
a silicon oxide film is formed on an amorphous silicon film (having 
a thickness of 5 5 nm) and a laser beam irradiates the films from 
the silicon oxide film side with the thickness of. the silicon oxide 
film as the parameter. In the case of Fig. 3A, the wavelength of 
the laser beam for irradiation is 308 nm whereas a laser beam having 
a wavelength of 532 nm is used for the irradiation in the case of 
Fig. 3B. It can be seen in Figs. 3A that the reflectance changes 
periodically and that the silicon oxide film can function as the 
reflection preventive film if its thickness is that when the 
reflectance is low in the graphs . The insulating film is not limited 
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to a silicon oxide film and other insulating films can function 
as the reflection preventive film, of course. 

The substrate may be heated up to about 500°C before the laser 
beam irradiation. Expectedly, this will lower the heat loss rate 
in the semiconductor film to increase the grain size of the crystal 
grains . 

Thus the crystalline semiconductor film obtained through laser 
annealing by forming a heat retaining film between a semiconductor 
film and a substrate and forming a reflective film in a region of 
the semiconductor film which does not overlap the heat retaining 
film can be applied to various semiconductor devices. The 
crystalline semiconductor film is particularly suitable to form 

an active layer of a TFT. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings : 

Figs. 1A to ID are diagrams showing an example of a method 
of forming crystal grains having a large grain- size at designed 
positions in accordance with the present invention; 

Figs . 2A to 2C are diagrams showing the example of the method 
of forming crystal grains having a large grain size at designed 
positions in accordance with the present invention ; 

Figs. 3A and 3B are graphs showing the reflectance against 
a silicon oxide film in laser beam irradiation with the thickness 
of the silicon oxide film as the parameter, where Fig. 3A uses a 
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laser beam having a wavelength of 308 nm for the irradiation and 
Fig. 3B uses a laser beam having a wavelength of 532 nm for the 
irradiation; 

Fig. 4 is a graph showing the relation between the wavelength 
and the reflectance against an amorphous silicon film with a thickness 
of 55 nm; 

Fig. 5 is a graph showing the relation between the wavelength 
and the reflectance against metals; 

Fig. 6A is a diagram showing an example of a phase shift mask. 
Fig. 6B is a graph showing a distribution in intensity of laser 
beam after the beam passes through the phase shift mask, and Fig. 
6C is a diagram showing an example of conventional methods for forming 
crystal grains having a large grain size at designed positions; 

Figs . 7A and 7B are diagrams showing an example of the method 
of forming crystal grains having a large grain size at designed 
positions in accordance with the present invention; 

Figs. 8A and 8B are diagrams showing another example of the 
method of forming crystal grains having a large grain size at designed 
positions in accordance with the present invention; 

Figs. 9A to 9C are cross sectional views showing a process 
of manufacturing a pixel TFT and a driver circuit TFT; 

Figs. 10A to 10C are cross sectional views showing the process 
of manufacturing a pixel TFT and a driver circuit TFT; 

Fig. 11 is a cross sectional view showing the process of 



manufacturing a pixel TFT and a driver circuit TFT; 

Fig. 12 is a top view showing the structure of a pixel TFT; 

Fig . 13 is a cross sectional view showing a process of 
manufacturing an active matrix liquid crystal display device; 

Figs. 14A to 14F are diagrams showing examples of a 
semiconductor device; 

Figs. 15A to 15D are diagrams showing examples of the 
semiconductor device; and 

Figs. 16A to 16C are diagrams showing examples of the 

semiconductor device. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment mode of the present invention will be described 
with reference to cross sectional views of Figs. 1A to 2C. In Figs. 
ID and 2C, top views as well as sectional views are shown. 

A base insulating film 12 is formed on a substrate 11 by a 
known method (LPCVD, plasma CVD, or the like) from a silicon nitride 
film, a silicon oxynitride film, a silicon oxide film or a like 
other film. 

A heat retaining film 13 is formed on the base insulating film 
12. The heat retaining film is a silicon oxide film that contains 
methyl (CH 3 ) , ethyl (C 2 H 5 ) , propyl (C 3 H 7 ) , butyl (C 4 H 9 ) , vinyl (C 2 H 3 ) , 
phenyl (C 6 H 5 ) , or CF 3 group (functional group containing silicon 
oxidefilm) . Alternatively, aporous silicon film or aporous silicon 
oxide film is used to form the heat retaining film. 
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Considering the heat conductivity of the substrate (1.4 W/m 
•k, in the case of a quartz substrate) and the heat conductivity 
of silicon oxide ( 1 to 2 W/nrk) , the heat retaining film 13 desirably 
has a heat conductivity of 1-0 W/nrk or less, more desirably 0.3 
W/rrrk or less. 

After the heat retaining film 13 is formed, photolithography 
is used to form a resist mask and to etch unnecessary portions of 
the heat retaining film 13 away. A heat retaining film 14 is thus 
formed. 

If the heat retaining film 14 is the functional group containing 
silicon oxide film, it is desirable to form a first insulating film 
15 in order to prevent impurities in the heat retaining film 14 
from diffusing into a semiconductor film to be formed later. The 
first insulating film 15 is an insulating film, typically a silicon 
nitride film, a silicon oxynitride film or a silicon oxide film, 
formed by a known method (LPCVD, plasma CVD or the like) . The first 
insulating film 15 is formed using a silicon nitride film, a silicon 
oxynitride film, a silicon oxide film or the like by a known method 
also when the heat retaining film 14 is a porous silicon film or 
a porous silicon oxide film. This is because the porous silicon 
film or the porous silicon oxide film has about 10 11 pores per 
centimeters square on its surface and the heat retaining film 14 
should have a level surface. 

The first insulating film 15 is etched to remove unnecessary 
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portions using a resist mask by photolithography . A f ir s t insulating 
film 16 is formed as a result. 

Next, a semiconductor film 17 is formed by a known method such 
as plasma CVD or sputtering to a thickness of 10 to 200 nm (preferably 
30 to 100 nm) - The semiconductor film 17 may be an amorphous 
semiconductor film, a microcrystalline semiconductor film or a 
polycrystalline semiconductor film. A compound semiconductor film 
having an amorphous structure , such as an amorphous silicon germanium 
film, can also be used. 

In order to prevent impurities in a reflective film to be formed 
later from diffusing into the semiconductor film , a second insulating 
film 18 is desirably formed on the semiconductor film 17. If the 
second insulating film 18 is to function simultaneously as a 
reflection preventive film, the second insulating film has to have 
a thickness that lowers the reflectance. Such thickness varies 
depending on the wavelength of the laser beam as shown in Figs. 
3A and 3B. The second insulating film 18 is formed using a silicon 
nitride film, a silicon oxynitride film, a silicon oxide film or 
a like other film by a known method (LPCVD, plasma CVD or the like) . 

On the second insulating film 18 , a reflective film 19 is formed . 
If the reflective film 19 is a metal film, the film is formed by 
a known method such as sputtering or evaporation to a thickness 
of 10 to 200 nm (preferably 10 to 100 nm) . The metal film may be 
formed of an element selected from the group consisting of Ta, W, 
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Ti, Mo, Al, Cu, Cr and Nd, or of an alloy material, or compound 
material, containing the above elements as its main ingredient. 
An Ag-Pd-Cu alloy may also be used. 

After forming the reflective film 19, a resist mask is formed 
and unnecessary portions of the reflective film 19 is etched away 
by photolithography . A reflective film 20 is thus formed. The shape 
of the reflective film 20 is not particularly limited but desirably 
is polygonal in top view with one or more angles of the polygon 
being smaller than 60°. The angle smaller than 60° will hereinafter 
be called a vertex A. With the reflective film shaped as such, crystal 
nuclei are generated at a smaller density in the semiconductor film 
below a region around the vertex A while the semiconductor film 
that has been irradiated with a laser beam cools down . Thus collision 
between growing crystal grains can be avoided. 

If the second insulating film 18 deos not function as the 
reflection preventive film, photolithography is then used so that 
a resist mask is formed, and the region of the .second insulating 
film which does not overlap the reflective film is etched away. 
A second insulating film 21 is obtained as a result. 

Fig. 2A is a diagram illustrating a crystallization step in 
which the substrate is irradiated with a laser beam from the front 
side. In crystallization by laser annealing, hydrogen contained 
in the semiconductor film is desirably released before the annealing . 
Appropriately, the semiconductor film is exposed in nitrogen 
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atmosphere at 400 to 500°C for about an hour to reduce the hydrogen 
content to 5 atom% or less. This improves the resistance of the 
film against laser remarkably. 

A description is given of a laser oscillator used in laser 
annealing . An excimer laser is high power and currently can generate 
a high frequency pulse on the order of 300 Hz, and hence it is often 
used in laser annealing. Other than the pulse oscillation excimer 
laser, a continuous wave excimer laser, an Ar laser, a YAG laser, 
a YV0 4 laser , a YLF laser , etc . may be used . The laser beam irradiation 
can be carried out in vacuum, atmospheric air, nitrogen atmosphere, 
or other types of atmospheres. The substrate may be heated up to 
about 500°C before the laser beam irradiation. This will lower the 
heat loss rate in the semiconductor film to increase the grain size 
of the crystal grains . 

One of the laser oscillators listed above is chosen to irradiate 
the substrate from the front side in one of the above atmospheres, 
whereby the semiconductor film is crystallized. 

Here, setting the ends of the reflective film as the borders, 
a region including the heat retaining film 14 is designated as a 
region A, a region including the reflective film 20 is designated 
as a region B, and a region that does not include the heat retaining 
film 14 nor the reflective film 20 is designated as a region C. 
(See Figs. 2B and 2C.) 

When irradiated with a laser beam, the semiconductor film is 



melted. However, the effective irradiation intensity of laser beam 
on the semiconductor film in the region B is lower than on the 
semiconductor film in the region A and the region C because the 
semiconductor film in the region B is covered with the reflective 
film, which reflects the laser beam. Accordingly a solid phase 
semiconductor region 23 is left below the reflective film , and crystal 
growth begins immediately after the laser beam irradiation from 
the solid phase semiconductor region 23 following the temperature 
gradient created in the semiconductor film . The density of generated 
crystal nuclei 24 is particularly low in the solid phase semiconductor 
region 23 in the vicinity of the vertex A, for the vertex A has 
a small angle of less than 60°. Furthermore, the semiconductor film 
remains melted for a long time in the region A due to the presence 
of the heat retaining film 14 . Therefore the crystal nuclei 24 grow 
toward the region A. Thus crystal grains having a large grain size 
are formed in the semiconductor film in the region A. In the region 
C, the semiconductor film does not have the heat retaining film 
14 underneath and hence cools faster than in the region A to generate 
crystal nuclei and start the crystal growth. In this way, a 
crystalline semiconductor film 25 is formed in which crystal grains 
have a grain size larger than that of the semiconductor film before 
the laser beam irradiation. 

The crystalline semiconductor film 25 formed by being 
irradiated with a laser beam is heated at 300 to 450°C in an atmosphere 
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containing 3 to 100% of hydrogen, or heated at 200 to 450°C in an 
atmosphere containing hydrogen that is generated by plasma. The 
heat treatment reduces the remaining defects. 

The reflective film is then removed by photolithography or 
other methods, and then the second insulating film (18 or 21) is 
removed by photolithography or other methods . 

The crystalline semiconductor film 25 formed in this way has 
a region 26 in which crystal grains having a large grain size are 
formed as shown in the top view of Fig. 2C . If the region 26 is 
used for a channel formation region of a TFT, the obtained TFT can 
have improved electric characteristics. 



Embodiment^ 

Embodiment 1 of the present invention will be described with 
reference to cross sectional views of Figs. 1A to 2C . In Figs. ID 
and 2C, top views as well as cross sectional views are shown. 

In Fig. 1A, a substrate is denoted by 11.- The substrate 11 
may be a glass substrate. Examples of the glass substrate include 
a synthesized quartz glass substrate, and a non-alkaline glass 
substrate such as a barium borosilicate substrate or an 
aluminoborosilicate glass substrate. Transparent films such as PC 
(polycarbonate), PAr ( polyarylate ) , PES (polyether sulfon) and PET 
(polyethylene telephthalate ) may be used instead. For example. 
Corning No. 7059 glass or No. 1737 glass (product of Corning 
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Incorporated.) is a preferable material for the substrate 11. 

A base insulating film 12 is formed on the substrate 11 by 
a known method ( LPCVD , plasma CVD , or the like ) from a silicon nitride 
film, a silicon oxynitride film, a silicon oxide film or a like 
other film. In this embodiment, a silicon oxynitride film 
(composition ratio: Si = 32%, O = 27%, N = 24%, H = 17%) is formed 
to a thickness of 50 nm. 

On the base insulating film 12, a heat retaining film 13 is 
formed using a functional group containing silicon oxide film'. A 
description is given on a method of forming the heat retaining film 
13 from a silicon oxide film that contains methyl (CH 3 ) , ethyl (C 2 H 5 ) , 
propyl (C 3 H 7 ) , butyl (C 4 H 9 ) , vinyl (C 2 H 3 ) , phenyl (C 6 H 5 ) , or CF 3 group. 
The film is formed by a vapor phase method or a liquid phase method, 
depending on the organic material used as the row material of the 
film. A desirable thickness of the heat retaining film 13 is 100 
nm to 1000 nm (more desirably 200 to 500 nm) . By optimizing the 
thickness of the heat retaining film, the cooling rate of a 
semiconductor film in a laser annealing step is controlled. If the 
heat retaining film is thinner than 100 nm, the film cannot provide 
sufficient heat retaining effect. On the other hand, if the heat 
retaining film is thicker than 1000 nm, it causes cracking (fissure) 
in the semiconductor film to be formed later and hence is not desirable . 
In this embodiment, a methyl (CH 3 ) containing silicon oxide film 
is formed to a thickness of 50 nm. 
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After the heat retaining film 13 is formed, photolithography 
is used to form a resist mask and to etch unnecessary portions of 
the heat retaining film 13 away. A heat retaining film 14 is thus 
formed. In etching the heat retaining film 13, dry etching that 
uses fluorine-based gas or wet etching that uses a fluorine-based 
solution may be employed . When the wet etching is chosen , for example , 
the etchant may be a mixture of 7.13% of ammonium hydrogen fluoride 
(NH4HF2) and 15.4% of ammonium fluoride (NH 4 F) . (The mixture is 
commercially available by the trade name of LAL500 from Stella 
Chemipha Inc.) 

Subsequently, a first insulating film 15 is formed in order 
to prevent impurities in the heat retaining film 14 from diffusing 
into the semiconductor film to be formed later . The first insulating 
film 15 may be a silicon nitride film, a silicon oxynitride film 
or a silicon oxide film formed by a known method (LPCVD, plasma 
CVD or the like ) . 

The first insulating film 15 is etched to remove unnecessary 
portions using a resist mask and photolithography. A first 
insulating film 16 is formed as a result. In etching the first 
insulating film 15, dry etching that uses fluorine-based gas or 
wet etching that uses a fluorine-based solution may be employed. 
When the wet etching is chosen, for example, the etchant may be 
a mixture of 7.13% of ammonium hydrogen fluoride (NH 4 HF 2 ) and 15.4% 
of ammonium fluoride ( NH 4 F ) . ( The mixture is commercially available 
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by the trade name of LAL500 from Stella Chemipha Inc.) 

Next, a semiconductor film 17 is formed by a known method such 
as plasma CVD or sputtering to a thickness of 10 to 200 nm (preferably 
30 to 100 nm) . The semiconductor film 17 may be an amorphous 
semiconductor film, a microcrystalline semiconductor film or a 
polycrystalline semiconductor film. A compound semiconductor film 
having an amorphous structure , such as an amorphous silicon germanium 
film, can also be used. In this embodiment, an amorphous silicon 
film with a thickness of 55 nm is formed by plasma CVD. 

In order to prevent impurities in a reflective film to be formed 
later from diffusing into the semiconductor film, a second insulating 
film 18 is formed on the semiconductor film 17 . The second insulating 
film 18 is formed using a silicon nitride film, a silicon oxynitride 
film, a silicon oxide film or a like other film by a known method 
(LPCVD, plasma CVD or the like). In this embodiment, a silicon 
oxynitride film (composition ratio: Si = 32%, O = 27%, N = 24%, 
H = 17%) is formed to a thickness of 50 nm. 

On the second insulating film 18 , a reflective film 19 is formed. 
If the reflective film 19 is a metal film, the film is formed by 
a known method such as sputtering or evaporation to a thickness 
of 10 to 200 nm (preferably 10 to 100 nm) . The metal film may be 
formed of an element selected from the group consisting of Ta, W, 
Ti, Mo, Al, Cu, Cr and Nd, or of an alloy material, or compound 
material, containing the above elements as its main ingredient. 
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An Ag-Pd-Cu alloy may also be used. In this embodiment, a Cr film 
with a thickness of 50 nm is formed. 

After forming the reflective film 19. a resist mask is formed 
and unnecessary portions of the reflective film 19 is etched away 
by photolithography . A reflective film 20 is thus formed. The shape 
of the reflective film 20 is not particularly limited but desirably 
is polygonal in top view with one or more angles of the polygon 
being smaller than 60° . The angle smaller than 60° will hereinafter 
be called a vertex A . With the reflective film shaped as such , crystal 
nuclei are generated at a smaller density in the semiconductor film 
below a region around the vertex A while the semiconductor film 
that has been irradiated with a laser beam cools down . Thus collision 
between growing crystal grains can be avoided. 

Then photolithography is used to form a resist mask on the 
second insulating film 18 and etch away the region of the second 
insulating film which does not overlap the reflective film. A second 
insulating film 21 is obtained as a result. 

Fig. 2A is a diagram illustrating a crystallization step in 
which the substrate is irradiated with a laser beam from the front 
side. In crystallization by laser annealing, hydrogen contained 
in the semiconductor film is desirably released before the annealing . 
Appropriately, the semiconductor film is exposed in nitrogen 
atmosphere at 400 to 500°C for about an hour to reduce the hydrogen 
content to 5 atom% or less. This improves the resistance of the 
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film against laser remarkably. 

A description is given of a laser oscillator used in laser 
annealing . An excimer laser is high power and currently can generate 
a high frequency pulse on the order of 300 Hz, and hence it is often 
used in laser annealing. Other than the pulse oscillation excimer 
laser, a continuous wave excimer laser, an Ar laser, a YAG laser, 
a YV0 4 laser , a YLF laser , etc . may be used . The laser beam irradiation 
can be carried out in vacuum, atmospheric air, nitrogen atmosphere, 
or other types of atmospheres. The substrate may be heated up to 
about 500°C before the laser beam irradiation. This will lower the 
heat loss rate in the semiconductor film to increase the grain size 
of the crystal grains. 

To crystallize the semiconductor film, a pulse oscillation 
XeCl excimer laser oscillator is used in this embodiment and the 
substrate is irradiated with its laser beam from the front side 
in atmospheric air. 

Here, setting the ends of the reflective film as the borders, 
a region including the heat retaining film 14 is designated as a 
region A. a region including the reflective film 20 is designated 
as a region B. and a region that does not include the heat retaining 
film 14 nor the reflective film 20 is designated as a region C. 

(See Figs. 2B and 2C.) 

When irradiated with a laser beam, the semiconductor film is 
melted. However, the effective irradiation intensity of laser beam 
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on the semiconductor film in the region B is lower than on the 
semiconductor film in the region A and the region C because the 
semiconductor film in the region B is covered with the reflective 
film, which reflects the laser beam. Accordingly a solid phase 
semiconductor region 23 is left below the reflective film , and crystal 
growth begins immediately after the laser beam irradiation from 
the solid phase semiconductor region 23 following the temperature 
gradient created in the semiconductor film . The density of generated 
crystal nuclei 24 is particularly low in the solid phase semiconductor 
region 23 in the vicinity of the vertex A , for the vertex A has 
a small angle of less than 60°. Furthermore, the semiconductor film 
remains melted for a long time in the region A due to the presence 
of the heat retaining film 14 . Therefore the crystal nuclei 24 grow 
toward the region A. Thus crystal grains having a large grain size 
are formed in the semiconductor film in the region A. In the region 
C, the semiconductor film does not have the heat retaining film 
14 underneath and hence cools faster than in the region A to generate 
crystal nuclei and start the crystal growth. 

Thus a crystalline semiconductor film 2 5 is formed by the laser 
beam irradiation. The crystalline semiconductor film 25 is heated 
at 300 to 450°C in an atmosphere containing 3 to 100% of hydrogen, 
or heated at 200 to 450°C in an atmosphere containing hydrogen that 
is generated by plasma. The heat treatment reduces the remaining 
defects . 
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The reflective film is then removed by photolithography or 
other methods, and then the second insulating film is removed by 
photolithography or other methods . 

The crystalline semiconductor film 25 formed in this way has 
a region 26 in which crystal grains having a large grain size are 
formed as shown in the top view of Fig. 2C. If the region 2 6 is 
used for a channel formation region of a TFT, the obtained TFT can 
have improved electric characteristics. 

Embodiment 2 

This embodiment shows an example of forming a crystalline 
semiconductor film by a method different from the one described 
in Embodiment 1. The only difference between this embodiment and 
Embodiment 1 is in the s t ep ofjorming t he heat retaining film 13 
and the subsequent steps are identical. Therefore explanations for 
the identical steps are omitted here. 

First, a substrate is prepared as in Embodiment 1. The 
substrate, denoted by 11, may be a glass substrate. Examples of 
the glass substrate include a synthesized quartz glass substrate, 
and a non-alkaline glass substrate such as a barium borosilicate 
substrate or an aluminoborosilicate glass substrate. Transparent 
films such as PC (polycarbonate) , PAr (polyarylate ) , PES (polyether 
sulfon) and PET (polyethylene telephthalate ) may be used instead. 
For example. Corning No. 7059 glass or No. 1737 glass (product of 
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Corning Incorporated) is a preferable material for the substrate 
11. 

A base insulating film 12 is formed on the substrate 11 by 
a known method (LPCVD, plasma CVD. or the like) from a silicon nitride 
film, a silicon oxynitride film, a silicon oxide film or a like 
other film. In this embodiment, a silicon oxynitride film 
(composition ratio: Si = 32%, O = 27%. N = 24%, H = 17%) is formed 
to a thickness of 50 nm. 

Now, a description is given on the method of forming the heat 
retaining film 13 on the base insulating film 12 from a silicon 
oxide film that contains methyl (CH 3 ) . ethyl (C 2 H 5 ), propyl (C 3 H 7 ), 
butyl (C 4 H 9 ), vinyl (C 2 H 3 ) , phenyl (C 6 H 5 ) , or CF 3 group. An example 
of the method of forming the heat retaining film includes generating 
glow discharge with a mixture of TEOS and 0 2 , at a reaction pressure 
of 20 to 100 Pa, a substrate temperature of 200 to 350°C, a high 
frequency of 13.56 MHz, and a power density of 0.1 to 0.5 W/cm 2 . 
Though the optimal conditions depend on the characteristic of the 
apparatus, the substrate temperature and the electric power density 
are usually set low. The low temperature and density leave unbroken 
C X H Y bonds , whereby a functional group containing silicon oxide film 
is formed. In this embodiment, a methyl containing silicon oxide 
film is formed to a thickness of 50 nm. 

Considering the heat conductivity of the substrate (1.4 W/m 
•k. in the case of a quartz substrate) and the heat conductivity 
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of a silicon oxide film ( 1 to 2 W/m-k), the heat retaining film 13 
desirably has a heat conductivity of 1 . 0 W/m-k or less , more desirably 

0.3 W/m-k or less. 

After the heat retaining film 13 is formed, photolithography 
is used to form a resist mask and to etch unnecessary portions of 
the heat retaining film 13 away. A heat retaining film 14 is thus 
formed. In etching the heat retaining film 13, dry etching that 
uses fluorine-based gas or wet etching that uses a fluorine-based 
solution may be employed . When the wet etching is chosen , for example , 
the etchant may be a mixture of 7.13% of ammonium hydrogen fluoride 
(NH4HF2) and 15.4% of ammonium fluoride (NH 4 F) . (The mixture is 
commercially available by the trade name of LAL500 from Stella 
Chemipha Inc . ) 

The subsequent steps follow the corresponding steps of 
Embodiment 1 to obtain a crystalline semiconductor film shown in 
Fig. 2C. The obtained crystalline semiconductor film has a region 
26 in which crystal grains having a large grain size are formed 
as shown in the top view of Fig. 2C. If the region 26 is used for 
a channel formation region of a TFT , the obtained TFT can have improved 
electric characteristics . 

Embodiment 3 

This embodiment shows an example of forming a crystalline 
semiconductor film by a method different from the ones described 
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in Embodiments 1 and 2 . The only difference between this embodiment 



and Embodiment 1 is in the step of forming the heat retaining film 
13 and the subsequent steps are identical. Therefore explanations 
for the identical steps are omitted here. 

First, a substrate is prepared as in Embodiment 1. The 
substrate, denoted by 11, may be a glass substrate. Examples of 
the glass substrate include a synthesized quartz glass substrate, 
and a non-alkaline glass substrate such as a barium borosilicate 
substrate or an aluminoborosilicate glass substrate. Transparent 
films such as PC (polycarbonate) , PAr (polyarylate ) , PES (polyether 
sulfon) and PET (polyethylene telephthalate ) may be used instead. 
For example. Corning No. 7059 glass or No. 1737 glass (product of 
Corning Incorporated) is a preferable material for the substrate 
11. 

A base insulating film 12 is formed on the substrate 11 by 
a known method ( LPCVD , plasma CVD , or the like ) from a silicon nitride 
film, a silicon oxynitride film, a silicon oxide film or a like 
other film. In this embodiment, a silicon oxynitride film 
(composition ratio: Si = 32%, O = 27%, N = 24%, H = 17%) is formed 
to a thickness of 50 nm. 

On the base insulating film 12 , a silicon oxide film containing 
phenyl is formed as the heat retaining film 13. This silicon oxide 
film is formed by, for example, depositing a mixture gas of 
phenyltrichlorosilane (PhSiCl 3 ) and water (H 2 0) directly on the 
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substrate that has been heated up to 60 to 100°C . In this embodiment , 
the phenyl containing silicon oxide film has a thickness of 50 nm. 

Considering the heat conductivity of the substrate (1-4 W/m 
•k, in the case of a quartz substrate) and the heat conductivity 
of silicon oxide ( 1 to 2 W/m-k) , the heat retaining film 13 desirably 
has a heat conductivity of 1.0 W/m-k or less, more desirably 0.3 
W/m-k or less. 

After the heat retaining film 13 is formed, photolithography 
is used to form a resist mask and to etch unnecessary portions of 
the heat retaining film 13 away. A heat retaining film 14 is thus 
formed. In etching the heat retaining film 13, dry etching that 
uses fluorine-based gas or wet etching that uses a fluorine-based 
solution may be employed . When the wet etching is chosen , for example , 
the etchant may be a mixture of 7.13% of ammonium hydrogen fluoride 
( NH 4 HF 2 ) and 15.4% of ammonium fluoride (NH 4 F) . (The mixture is 
commercially available by the trade name of LAL500 from Stella 
Chemipha Inc.) 

The subsequent steps follow the corresponding steps of 
Embodiment 1 to obtain a crystalline semiconductor film shown in 
Fig. 2C. The obtained crystalline semiconductor film has a region 
26 in which crystal grains having a large grain size are formed 
as shown in the top view of Fig. 2C. If the region 26 is used for 
a channel formation region of a TFT , the obtained TFT can have improved 
electric characteristics . 



Embodiment 4 

This embodiment shows an example of forming a crystalline 
semiconductor film by a method different from the ones described 
in Embodiments 1 through 3. The only difference between this 
embodiment and Embodiment 1 is in the step of forming the heat 
retaining film 13 and the subsequent steps are identical . Therefore 
explanations for the identical steps are omitted here. 

First, a substrate is prepared as in Embodiment 1. The 
substrate, denoted by 11, may be a glass substrate. Examples of 
the glass substrate include a synthesized quartz glass substrate, 
and a non-alkaline glass substrate such as a barium borosilicate 
substrate or an aluminoborosilicate glass substrate. Transparent 
films such as PC (polycarbonate) , PAr (polyarylate ) . PES (polyether 
sulfon) and PET (polyethylene telephthalate ) may be used instead. 
For example. Corning No. 7059 glass or No. 1737 glass (product of 
Corning Incorporated) is a preferable material-for the substrate 
11 . 

A base insulating film 12 is formed on the substrate 11 by 
a known method ( LPCVD . plasma CVD . or the like ) from a silicon nitride 
film, a silicon oxynitride film, a silicon oxide film or a like 
other film. In this embodiment, a silicon oxynitride film 

(composition ratio: Si = 32% . O = 27% , N = 24% . H = 17%) is formed 

to a thickness of 50 nm. 
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On the base Insulating film 12 , a silicon oxide film containing 
CF 3 group is formed as the heat retaining film 13. This silicon 
oxide film is formed by. for example, depositing a mixture gas of 
CF 3 Si(CH 3 ) 3 and ozone (0 3 ) on the substrate that has been heated up 
to 300 to 400°C. In this embodiment , the silicon oxide film containing 
CF 3 group has a thickness of 50 nm. 

Considering the heat conductivity of the substrate (1.4 W/m 
•k, in the case of a quartz substrate) and the heat conductivity 
of silicon oxide ( 1 to 2 W/m-k) . the heat retaining film 13 desirably 
has a heat conductivity of 1 . 0 W/m-k or less, more desirably 0.3 
W/m-k or less. 

After the heat retaining film 13 is formed, photolithography 
is used to form a resist mask and to etch unnecessary portions of 
the heat retaining film 13 away. A heat retaining film 14 is thus 
formed. In etching the heat retaining film 13, dry etching that 
uses fluorine-based gas or wet etching that uses a fluorine-based 
solution may be employed . When the wet etching is chosen , for example , 
the et chant may be a mixture of 7 . 13% of ammonium hydrogen fluoride 
(NH 4 HF 2 ) and 15.4% of ammonium fluoride ( NH 4 F ) . (The mixture is 
commercially available by the trade name of LAL500 from Stella 
Chemipha Inc . ) 

The subsequent steps follow the corresponding steps of 
Embodiment 1 to obtain a crystalline semiconductor film shown in 
Fig. 2C. The obtained crystalline semiconductor film has a region 
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26 in which crystal grains having a large grain size are formed 
as shown in the top view of Fig. 2C. If the region 26 is used for 
a channel formation region of a TFT , the obtained TFT can have improved 
electric characteristics . 



Embodiment 5 

This embodiment shows an example of forming a crystalline 
semiconductor film by a method different from the ones described 
in Embodiments 1 through 4. The only difference between this 
embodiment and Embodiment 1 is in the step of forming the^Jiea^ 
retaining film 13 and thesjibseguent steps are identical . Therefore 
explanations for the identical steps are omitted here. 

First, a substrate is prepared as in Embodiment 1. The 
substrate, denoted by 11, may be a glass substrate. Examples of 
the glass substrate include a synthesized quartz glass substrate, 
and a non- alkaline glass substrate such as a barium borosilicate 
substrate or an aluminoborosilicate glass substrate. Transparent 
films such as PC (polycarbonate) , PAr (polyarylate) , PES (polyether 
sulfon) and PET (polyethylene telephthalate ) may be used instead. 
For example. Corning No. 7059 glass or No. 1737 glass (product of 
Corning Incorporated) is a preferable material for the substrate 
11. 

A base insulating film 12 is formed on the substrate 11 by 
a known method (LPCVD. plasma CVD. or the like) from a silicon nitride 
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film, a silicon oxynitride film, a silicon oxide film or a like 
other film. In this embodiment, a silicon oxynitride film 
(composition ratio: Si = 32%, O - 27%, N = 24%, H - 17%) is formed 
to a thickness of 50 nm. 

On the base insulating film 12 , a porous silicon film is formed 
as the heat retaining film 13. The porous silicon film is formed 
by, for example, adding an iodine solution to an SOG solution through 
spin coating, drying the mixture to separate iodine, and subjecting 
it to heat treatment at a temperature of about 400°C. In this 
embodiment, the porous silicon film has a thickness of 50 nm. 

Considering the heat conductivity of the substrate (1.4 W/m 
•k, in the case of a quartz substrate) and the heat conductivity 
of silicon oxide ( 1 to 2 W/m-k) , the heat retaining film 13 desirably 
has a heat conductivity of 1 . 0 W/rrrk or less, more desirably 0.3 
W/nrk or less. 

After the heat retaining film 13 is formed, photolithography 
is used to form a resist mask and to etch unnecessary portions of 
the heat retaining film 13 away. A heat retaining film 14 is thus 
formed. In etching the heat retaining film 13, dry etching that 
uses fluorine-based gas or wet etching that uses a fluorine-based 
solution may be employed . When the wet etching is chosen , for example , 
the etchant may be a mixture of 7. 13% of ammonium hydrogen fluoride 
(NH4HF2) and 15.4% of ammonium fluoride (NH 4 F) - (The mixture is 
commercially available by the trade name of LAL500 from Stella 
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Chemipha Inc . ) 

When the heat retaining film 14 is a porous silicon film, the 
heat retaining film 14 has about 10 11 pores per centimeters square 
on its surface. In order to level the surface of the heat retaining 
film 14 , a first insulating film 15 is formed using a silicon nitride 
film, a silicon oxynitride film, a silicon oxide film or the like 
by a known method. 

The subsequent steps follow the corresponding steps of 
Embodiment 1 to obtain a crystalline semiconductor film shown in 
Fig. 2C. The obtained crystalline semiconductor film has a region 
26 in which crystal grains having a large grain size are formed 
as shown in the top view of Fig. 2C. If the region 2 6 is used for 
a channel formation region of a TFT , the obtained TFT can have improved 
electric characteristics . 

Embodiment 6 

This embodiment shows an example of forming a crystalline 
semiconductor film by a method different from the ones described 
in Embodiments 1 through 5. The only difference between this 
embodiment and Embodiment 1 is in the step of forming the heat 
retaining film 13 and the subsequent steps are identical . Therefore 
explanations for the identical steps are omitted here. 

First, a substrate is prepared as in Embodiment 1. The 
substrate, denoted by 11, may be a glass substrate. Examples of 
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the glass substrate include a synthesized quartz glass substrate, 
and a non-alkaline glass substrate such as a barium borosilicate 
substrate or an aluminoborosilicate glass substrate. Transparent 
films such as PC (polycarbonate) , PAr ( polyarylate ) , PES (polyether 
sulfon) and PET (polyethylene telephthalate ) may be used instead. 
For example. Corning No. 7059 glass or No. 173 7 glass (product of 
Corning Incorporated) is a preferable material for the substrate 
11 . 

A base insulating film 12 is formed on the substrate 11 by 
a known method (LPCVD, plasma CVD, or the like ) from a silicon nitride 
film, a silicon oxynitride film, a silicon oxide film or a like 
other film. In this embodiment, a silicon oxynitride film 
(composition ratio: Si = 32% , O = 27% , N = 24% , H = 17%) is formed 
to a thickness of 50 nm. 

On the base insulating film 12, a porous silicon oxide film 
is formed as the heat retaining film 13. The porous silicon oxide 
film can readily be formed by anodizing a silicon substrate. The 
silicon substrate may be formed from semiconductor grade silicon 
such as CZ silicon or FZ silicon but not limited thereto. It may 
be a solar battery grade ( SOG grade ) silicon substrate . The silicon 
substrate may be replaced by a glass substrate or a quartz substrate 
on which a silicon film is formed. Anodization is carried by mixing 
hydrofluoric acid (HF) and ethanol in equal parts to prepare an 
anodization solution and setting the current density to 1 to 200 
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mA/cm 2 . The thickness of the porous silicon oxide film is 1 to 5 
\xm. In this way, the heat retaining film 13 is formed on the substrate 
from a porous silicon oxide film. 

Considering the heat conductivity of the substrate (1.4 W/m 
•k, in the case of a quartz substrate) and the heat conductivity 
of silicon oxide ( 1 to 2 W/m-k) , the heat retaining film 13 desirably 
has a heat conductivity of 1 . 0 W/m-k or less, more desirably 0.3 
W/m-k or less. 

After the heat retaining film 13 is formed, photolithography 
is used to form a resist mask and to etch unnecessary portions of 
the heat retaining film 13 away. A heat retaining film 14 is thus 
formed. In etching the heat retaining film 13. dry etching that 
uses fluorine-based gas or wet etching that uses a fluorine-based 
solution may be employed . When the wet etching is chosen . for example 
the etchant may be a mixture of 7 . 13% of ammonium hydrogen fluoride 
( NH4HF2 ) and 15.4% of ammonium fluoride (NH 4 F) . (The mixture is 
commercially available by the trade name of LAL500 from Stella 
Chemipha Inc . ) 

When the heat retaining film 14 is a porous silicon oxide film, 
the heat retaining film 14 has about 10 11 pores per centimeters square 
on its surface. In order to level the surface of the heat retaining 
film 14. a first insulating film 15 is formed using a silicon nitride 
film, a silicon oxynitride film, a silicon oxide film or the like 
by a known method. 
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The subsequent steps follow the corresponding steps of 
Embodiment 1 to obtain a crystalline semiconductor film shown in 
Fig. 2C. The obtained crystalline semiconductor film has a region 
26 in which crystal grains having a large grain size are formed 
as shown in the top view of Fig. 2C . If the region 26 is used for 
a channel formation region of a TFT , the obtained TFT can have improved 
electric characteristics . 

Embodiment 7 

This embodiment shows an example of forming a crystalline 
semiconductor film by a method different from the ones described 
in Embodiments 1 through 6. The only difference between this 
embodiment and Embodiment 1 is in the step of forming the second 
insulating film 18 and the preceding steps are identical . Therefore 
explanations for the identical steps are omitted here. 

Following Embodiment 1, the process is finished up through 
the step of forming the semiconductor film 17 _ 

Then the second insulating film 18 is formed on the 
semiconductor film 17 in order to prevent impurities in a reflective 
film to be formed later from diffusing into the semiconductor film. 
To make the second insulating film 18 function also as a reflection 
preventive film, the second Insulating film has to have the optimal 
thickness . The optimal thickness varies depending on the wavelength 
of the laser beam as shown in Figs. 3A and 3B. The second insulating 

45 



film 18 is formed using a silicon nitride film, a silicon oxynitride 
film, a silicon oxide film or a like other film by a known method 
( LPCVD , plasma CVD or the like ) . In this embodiment , a silicon oxide 
film with a thickness of 45 nm is formed by plasma CVD. 

On the second insulating film 18 , a reflective film 19 is formed . 
If the reflective film 19 is a metal film, the film is formed by 
a known method such as sputtering or evaporation to a thickness 
of 10 to 200 nm (preferably 10 to 100 nm) . The metal film may be 
formed of an element selected from the group consisting of Ta', W, 
Ti, Mo, Al, Cu, Cr and Nd, or of an alloy material, or compound 
material, containing the above elements as its main ingredient. 
An Ag-Pd-Cu alloy may also be used. In this embodiment, a Cr film 
is formed to a thickness of 50 nm. 

After forming the reflective film 19, a resist mask is formed 
and unnecessary portions of the reflective film 19 is etched away 
by photolithography . A reflective film 20 is thus formed. The shape 
of the reflective film 20 is not particularly limited but desirably 
is polygonal in top view with one or more vertex of the polygon 
being smaller than 60°. The vertex desirably coincides with the 
end of the heat retaining film through the first insulating film, 
the semiconductor film and the second insulating film. The vertex 
smaller than 60° will hereinafter be called a vertex A. With the 
reflective film shaped as such, crystal nuclei are generated at 
a smaller density in the semiconductor film below a region around 
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the vertex A while the semiconductor film that has been irradiated 
with a laser beam cools down . Thus collision between growing crystal 
grains can be avoided (Fig. 7A) . 

Fig. 7B is a diagram illustrating a crystallization step in 
which the substrate is irradiated with a laser beam from the front 
side. In crystallization by laser annealing, hydrogen contained 
in the semiconductor film is desirably released before the annealing . 
Appropriately, the semiconductor film is exposed in nitrogen 
atmosphere at 400 to 500°C for about an hour to reduce the hydrogen 
content to 5 atom% or less. This improves the resistance of the 
film against laser remarkably. 

A description is given of a laser oscillator used in laser 
annealing . An excimer laser is high power and currently can generate 
a high frequency pulse on the order of 300 Hz, and hence it is often 
used in laser annealing. Other than the pulse oscillation excimer 
laser, a continuous oscillation excimer laser, an Ar laser, a YAG 
laser, a YV0 4 laser, a YLF laser, etc. may be used. The laser beam 
irradiation can be carried out in vacuum, atmospheric air. nitrogen 
atmosphere, or other types of atmospheres. The substrate may be 
heated up to about 500°C before the laser beam irradiation. This 
will lower the heat loss rate in the semiconductor film to increase 
the grain size of the crystal grains. 

One of the laser oscillators listed above is chosen to irradiate 
the substrate from the front side in one of the above atmospheres. 
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whereby the semiconductor film is crystallized. 

Here, setting the ends of the reflective film as the borders, 
a region including the heat retaining film 14 is designated as a 
region A, a region including the reflective film 20 is designated 
as a region B, and a region that does not include the heat retaining 
film 14 nor the reflective film 20 is designated as a region C. 
(See Figs. 8A and 8B.) 

When irradiated with a laser beam, the semiconductor film is 
melted. However, the effective irradiation intensity of laser beam 
on the semiconductor film in the region B is lower than on the 
semiconductor film in the region A and the region C because the 
semiconductor film in the region B is covered with the reflective 
film, which reflects the laser beam. Accordingly a solid phase 
semiconductor region 33 is left below the reflective film, and crystal 
growth begins immediately after the laser beam irradiation from 
the solid phase semiconductor region 33 following the temperature 
gradient created in the semiconductor film. On the other hand, the 
irradiation intensity of laser beam is strong in the regions A and 
C owing to the effect of the reflection preventive film. The density 
of generated crystal nuclei 34 is particularly low in the solid 
phase semiconductor region 33 in the vicinity of the vertex A, for 
the vertex A has a small angle of less than 60°. Furthermore, the 
semiconductor film remains melted for a long time in the region 
A due to the presence of the heat retaining film 14 . Therefore the 
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crystal nuclei 34 grow toward the region A. Thus crystal grains 
having a large grain size are formed in the semiconductor film in 
the region A. In the region C, the semiconductor film does not have 
the heat retaining film 14 underneath and hence cools faster than 
in the region A to generate crystal nuclei and start the crystal 
growth. 

Thus a crystalline semiconductor film 35 is formed through 
the laser beam irradiation. The crystalline semiconductor film 3 5 
is heated at 300 to 450°C in an atmosphere containing 3 to 100% of 
hydrogen, or heated at 200 to 450°C in an atmosphere containing 
hydrogen that is generated by plasma. The heat treatment reduces 
the remaining defects. 

The reflective film is then removed by photolithography or 
other methods, and then the second insulating film is removed by 
photolithography or other methods . 

The crystalline semiconductor film 35 formed in this way has 
a region 36 in which crystal grains having a large grain size are 
formed as shown in the top view of Fig. 8B . If the region 36 is 
used for a channel formation region of a TFT, the obtained TFT can 
have improved electric characteristics. 

This embodiment may be combined freely with one of Embodiments 
1 through 6 . 

Embodiment 8 
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The manufacturing method of the pixel portion and TFT (n-channel 
type TFT and p-channel type TFT) of the driver circuit provided 
at the periphery of the pixel portion simultaneously on the same 
substrate is explained in detail using Figs. 9 to 12. In this 
specification, the substrate on which is formed the driver circuit, 
the pixel TFT and retention capacitor is referred to as an active 
matrix substrate as a matter of convenience. 

The crystalline semiconductor film shown in Fig. 9A can be 
obtained by whichever method among Embodiments 1 to 7 . In this 
embodiment, the manufacturing method of TFT is explained by 
corresponding the cross sectional view of Fig. 9A and the cross 
sectional view taken along the dashed line of A-A' of Fig. 2C or 
Fig. 8B. It is also possible that TFT is formed by using the 
cross -sectional view which is used when the crystalline 
semiconductor film is formed in Embodiments 1 to 7 . In Fig. 9A, 
the reference numeral 101a to lOlf are heat insulating films, and 
reference numeral 102a to 102f are insulating f ilms for preventing 
diffusion of impurity element from the heat insulating film. 

First, above mentioned crystalline semiconductor film is 
patterned in desired shape to obtain the semiconductor films 10 3a 
to 103f. In this embodiment, above mentioned crystalline 
semiconductor film is subjected to a patterning process using a 
photolithography method, to obtain the semiconductor films 103a 
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to 103f. 

Further, after the formation of the semiconductor films 103a 
to 103f , a minute amount of impurity element (boron or phosphorus) 
may be doped to control a threshold value of the TFT. 

A gate insulating film 107 is then formed for covering the 
semiconductor films 103a to 103f . The gate insulating film 107 is 
formed of an insulating film containing silicon by a plasma CVD 
method or a sputtering method into a film thickness of from 40 to 
150 nm. In this embodiment, the gate insulating film 107 is formed 
of a silicon nitride oxide film into a thickness of 110 nm by a 
plasma CVD method (composition ratio Si = 32%, O = 59%, N = 7%, 
and H = 2%). Of course, the gate insulating film is not limited 
to the silicon nitride oxide film, and an other insulating film 
containing silicon may be used as a single layer or a lamination 
structure . 

Besides, when the silicon oxide film is used, it can be possible 
to be formed by a plasma CVD method in which TEOS (tetraethyl 
orthosilicate) and 0 2 are mixed and discharged at a high frequency 
(13.56 MHZ ) electric power density of 0.5 to 0,8 W/cm 2 with a reaction 
pressure of 40 Pa and a substrate temperature of 300 to 400°C. Good 
characteristics as the gate insulating film can be obtained in the 
manufactured silicon oxide film thus by subsequent thermal annealing 
at 400 to 500°C. 
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Then, as shown in Fig. 9A, on the gate insulating film 107, a 
first conductive film 108 with a thickness of 20 to 100 nm and a 
second conductive film 109 with a thickness of 100 to 400 nm are 
formed and laminated. In this embodiment, the first conductive 
film 108 of TaN film with a film thickness of 30 nm and the second 
conductive film 109 of a W film with a film thickness of 370 nm 
are formed into lamination. The TaN film is formed by sputtering 
method with a Ta target under a nitrogen containing atmosphere. 
Besides, the W film is formed by the sputtering method with a W 
target . The W f ilmmay be formed by a thermal CVD method using tungsten 
hexafluoride (WF 6 ) - Whichever method is used, it is necessary to 
make the material have low resistance for use as the gate electrode, 
and it is preferred that the resistivity of the W film is set to 
less than or equal to 2 0 [iQcm. By making the crystal grains large, 
it is possible to make the W film have lower resistivity. However, 
in the case where many impurity elements such as oxygen are contained 
within the W film, crystallization is inhibited .and the resistance 
becomes higher. Therefore, in this embodiment, by forming the W 
film by a sputtering method using a tungsten target with a high 
purity of 99.9999%, and in addition, by taking sufficient 
consideration to prevent impurities within the gas phase from mixing 
therein during the film formation, a resistivity of from 9 to 20 
(j,Qcm can be realized. 

Note that, in this embodiment, the first conductive film 108 
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is made of TaN. and the second conductive film 109 is made of W, 
but the material is not particularly limited thereto, and either 
film may be formed of an element selected from the group consisting 
of Ta, W, Ti, Mo, Al, Cu, Cr, and Nd. or an alloy material or a 
compound material containing the above element as its main 
constituent. Besides. a semiconductor film, typified by a 
polycrystalline silicon film doped with an impurity element such 
as phosphorus, may be used. Further, an AgPdCu alloy may be used. 
Besides, any combination may be employed such as a combination in 
which the first conductive film is formed of tantalum (Ta) and the 
second conductive film is formed of W, a combination in which the 
first conductive film is formed of titanium nitride ( TiN ) and the 
second conductive film is formed of W, a combination in which the 
first conductive film is formed of tantalum nitride (TaN) and the 
second conductive film is formed of Al, or a combination in which 
the first conductive film is formed of tantalum nitride (TaN) and 
the second conductive film is formed of Cu. 

Next, masks 110 to 115 made of resist are formed using a 
photolithography method, and a first etching process is performed 
in order to form electrodes and wirings . This first etching process 
is performed with the first and second etching conditions . In This 
embodiment, as the first etching conditions, an ICP (inductively 
coupled plasma) etching method is used, a gas mixture of CF 4 . Cl 2 
and0 2 is used as an etching gas, the gas flow rate is set to 25/25/10 

53 




seem, and plasma is generated by applying a 500 W RF (13.56 MHz) 
electric power to a coil shape electrode under 1 Pa. A dry etching 
device with ICP (Model E645-DICP) produced by Matsushita Electric 
Industrial Co. Ltd. is used here. A 150 W RF (13.56 MHz) electric 
power is also applied to the substrate side (test piece stage) to 
effectively apply a negative self -bias voltage. The W film is etched 
with the first etching conditions, and the end portion of the first 
conductive layer is formed into a tapered shape. 

Thereafter, the first etching conditions are changed into the 
second etching conditions without removing the masks 110 to 115 
made of resist, a mixed gas of CF 4 and Cl 2 is used as an etching 
gas, the gas flow rate is set to 30/30 seem, and plasma is generated 
by applying a 500 W RF (13.56 MHz) power to a coil shape electrode 
under 1 Pa to thereby perform etching for about 30 seconds. A 20 
W RF (13.56 MHz) electric power is also applied to the substrate 
side (test piece stage) to effectively a negative self -bias voltage. 
The W film and the TaN film are both etched on the same order with 
the second etching conditions in which CF 4 and Cl 2 are mixed. Note 
that, the etching time may be increased by approximately 10 to 20% 
in order to perform etching without any residue on the gate insulating 
film. 

In the first etching process, the end portions of the first and 
second conductive layers are formed to have a tapered shape due 
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to the effect of the bias voltage applied to the substrate side 
by adopting masks of resist with a suitable shape. The angle of 
the tapered portions may be set to 15° to 45° . Thus, first shape 
conductive layers 117 to 122 (first conductive layers 117a to 122a 
and second conductive layers 117b to 122b) constituted of the first 
conductive layers and the second conductive layers are formed by 
the first etching process. Reference numeral 116 denotes a gate 
insulating film, and regions of the gate insulating film which are 
not covered by the first shape conductive layers 117 to 122 are 
made thinner by approximately 20 to 50 nm by etching. 

Then, a first doping process is performed to add an impurity 
element for imparting an n-type conductivity to the semiconductor 
layer without removing the mask made of resist (Fig.9B). Doping 
may be carried out by an ion doping method or an ion injecting method. 

13 

The condition of the ion doping method is that a dosage is 1 x 10 
to 5 x 10 15 atoms/cm 2 , and an acceleration voltage is 60 to 100 keV. 
In this embodiment, the dosage is 1.5 x 10 15 "atoms /cm 2 and the 
acceleration voltage is 80 keV . As the impurity element for imparting 
the n-type conductivity, an element which belongs to group 15 of 
the periodic table, typically phosphorus (P) or arsenic (As) is 
used, and phosphorus is used here. In this case, the conductive 
layers 117 to 122 become masks to the impurity element for imparting 
the n-type conductivity, and high concentration impurity regions 
123 to 12 7 are formed in a self -aligning manner . The impurity element 



for imparting the n-type conductivity is added to the high 
concentration impurity regions 123 to 127 in the concentration range 
of 1 x 10 20 to 1 x 10 21 atoms/cm 3 . 

Next , the second etching process is carried out without removing 
the mask comprising a resist. CF 4 and Cl 2 and 0 2 are used for an 
etching gas and the W film is selectively etched. At this occasion, 
there are formed second conductive layers 128b through 133b by the 
second etching process. Meanwhile, the first conductive layers 117a 
through 122a are hardly etched and first conductive layers 128a 
through 133a are formed. Next, by carrying out a second doping 
process, a state of Fig. 9C is provided. In doping, the second 
conductive layers 128b through 133b are used as masks against an 
impurity element and the doping is carried out such that the impurity 
element is added to semiconductor layers on lower sides of taper 
portions of first conductive layers. In this way, there are formed 
impurity regions 134 through 138 overlapping the first conductive 
layers. A concentration of phosphorus (P) added to the impurity 
region is provided with a gradual concentration gradient in 
accordance with a film thickness of the taper portion of the first 
conductive layer. Further, in the semiconductor layer overlapping 
the taper portion of the first conductive layer, from an end portion 
of the taper portion of the first conductive layer toward an inner 
side, the impurity concentration is more or less reduced, however, 
the concentration stays to be substantially the same degree . Further , 



the first impurity regions 123 through 127 are also added with the 
impurity element to thereby form impurity regions 139 through 143. 

Next, the third etching process is carried out without removing 
the mask comprising a resist . The third etching process is carried 
out for partially etching a taper portion of the first conductive 
layer and reducing a region overlapping the semiconductor layer. 
The third etching is carried out by using CHF 3 for an etching gas 
and using a reactive ion etching process (RIE process) . And also 
the third etching process can be using an ICP process. By the.third 
etching, there are formed first conductive layers 144 through 149. 
At this occasion, the insulating film 116 is simultaneously etched 
and there is formed an insulating film 150 and 151. 

By the third etching, there are formed impurity regions (LDD 
regions) 134a through 138a not overlapping the first conductive 
layers 144 through 148. Further, impurity regions (GOLD region) 
134b through 138b stay to overlap the first conductive layers 144 
through 148 . 

Thereby, according to the embodiment, in Embodiment 8. a 
difference between the impurity concentration at the impurity 
regions (GOLD region) 134b through 138b overlapping the first 
conductive layers 144 through 148 and the impurity concentration 
at the impurity regions (LDD regions) 134a through 138a not 
overlapping the first conductive layers 144 through 148, can be 
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reduced, and a reliability can be promoted. 

Next, after removing the mask comprising a resist, there are 
formed masks 152 through 154 comprising resists are newly formed 
and a third doping process is carried out . By the third doping process , 
there are formed impurity regions 155 through 160 added with an 
impurity element for providing a conductive type reverse to the 
conductive type, mentioned above, to the semiconductor layer for 
constituting an activation layer of a p-channel type TFT. The first 
conductive layers 128a through 132a are used as masks against the 
impurity element and the impurity element for providing p-type is 
added to thereby form the impurity regions in a self -aligning manner . 
According to the embodiment, the impurity regions 155 through 160 
are formed by an ion doping process using diborane (B 2 H 6 ) . In the 
third doping process, the semiconductor layer for forming the 
n-channel type TFT is covered by the masks 152 through 154 comprising 
resists- Although the impurity regions 155 through 160 are 
respectively added with phosphorus by different" concentrations by 
the first doping process and the second doping process, by carrying 
out the doping process in any of the regions such that the 
concentration of the impurity element for providing p-type becomes 
2 x 10 20 through 2 x 10 21 atoms/cm 3 , the regions function as the source 
region and the drain region of the p-channel type TFT and accordingly, 
no problem is posed. According to the embodiment, a portion of the 
semiconductor layer for constituting the activation layer of the 
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p-channel type TFT is exposed and therefore, there is an advantage 
that the impurity element (boron) is easier to add than in Embodiment 
8. 

By the above-described steps, the respective semiconductor 
layers are formed with the impurity regions . 

Next, the masks 152 through 154 comprising resists are removed 
and a first interlayer insulating film 161 is formed. The first 
interlayer insulating film 161 is formed by an insulating film 
including silicon having the thickness of 100 through 200 nm by 
using a plasma CVD process or a sputtering process. According to 
the embodiment, a silicon oxynitride film having a film thickness 
of 150 nm is formed by a plasma CVD process. Naturally, the first 
interlayer insulating film 161 is not limited to the silicon 
oxynitride film but other insulating film including silicon may 
be used as a single layer or a laminated structure. 

Next, as shown in Fig. 10C, there is carried out a step of 
activating the impurity elements added to the respective 
semiconductor layers . The activating step is carried out by a thermal 
annealing process using a furnace annealing furnace. The thermal 
annealing process may be carried out at 400 through 700°C, 
representatively, 500 through 550°C in a nitrogen atmosphere having 
an oxygen concentration equal to or smaller than 1 ppm, preferably, 
equal to or smaller than 0 . 1 ppm and according to the embodiment , 




the activating process is carried out by a heat treatment at 550°C 
for 4 hours. Further, other than the thermal annealing process, 
a laser annealing process or a rapid thermal annealing process (RTA 
process) is applicable. 

Further, according to the embodiment, simultaneously with the 
activating process, nickel used as a catalyst in crystallization 
is gettered by the impurity regions 139, 141, 142, 155 and 158 
including phosphorus at a high concentration and a nickel 
concentration in the semiconductor layer for mainly constituting 
a channel forming region is reduced. According to TFT having the 
channel forming region fabricated in this way, the off current value 
is reduced, crystallizing performance is excellent and accordingly, 
high electric field effect mobility is provided and excellent 
electric characteristic can be achieved. 

Further, the activating process may be carried out prior to 
forming the first interlayer insulating film. However, when a used 
wiring material is weak at heat , it is preferable to carry out the 
activating process after forming the interlayer insulating film 
(insulating film having a major component of silicon, for example, 
silicon nitride film) for protecting the wiring as in the embodiment . 

Further, there is carried out a step of hydrogenating the 
semiconductor layer by carrying out heat treatment at 300 through 
550°C for 1 through 12 hours in an atmosphere including 3 through 
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100 % of hydrogen. According to the embodiment, there is carried 
out a heat treatment at 410°C for 1 hour in a nitrogen atmosphere 
including about 3 % of hydrogen . This step is the step of terminating 
dangling bond of the semiconductor layer by hydrogen included in 
the interlayer insulating film. As other means of hydrogenation , 
plasma hydrogenation (using hydrogen excited by plasma) may be 
carried out . 

Further , when a laser annealing process is used as the activating 
process, after carrying out the hydrogenation, it is preferable 
to irradiate laser beam such as excimer laser or YAG laser. 

A second interlayer insulating film 162 made from an inorganic 
insulating material or from an organic insulating material is formed 
next on the first interlayer insulating film 161. An acrylic resin 
film having a film thickness of 1.6|-tm is formed in embodiment 8, 
and the material used may have a viscosity from 10 to 1000 cp, 
preferably between 40 and 200 cp. A material in which unevenness 
is formed on its surface is used. Further a film having a level 
surface may also be used as the second interlayer insulating film 
162. 

In order to prevent specular reflection, the surface of a pixel 
electrode is made uneven by forming the second interlayer insulating 
film from a material which forms an uneven surface in embodiment 
8. Further, the electrode surface can be made to be uneven and have 
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light scattering characteristics, and therefore a convex portion 
may also be formed in a region below the pixel electrode. The 
formation of the convex portion can be performed by the same photomask 
as that for forming the TFTs , and therefore it can be formed without 
increasing the number of process steps . Note that the convex portion 
may also be formed suitably on the substrate of pixel portion region 
outside of the wirings and TFTs . Unevenness is formed in the surface 
of the pixel electrode along the unevenness formed in the surface 
of the insulating film which covers the convex portion. 

Wirings 163 to 167 for electrically connecting the various 
impurity regions are then formed in a driver circuit in order. Note 
that a lamination film of a 50 nm thick Ti film and a 500 nm thick 
alloy film (an alloy of Al and Ti) is patterned for forming the 
wirings . 

Furthermore, a pixel electrode 170, a gate wiring 169, and a 
connection electrode 168 are formed in a pixel portion. (See Fig. 
11. ) An electrical connection is formed with the pixel TFT and the 
source wiring (lamination of the impurity regions 133b and 149) 
by the connection electrode 168. Further, the gate wiring 169 forms 
an electrical connection with the gate electrode of the pixel TFT. 
The pixel electrode 170 forms an electrical connection with the 
drain region of the pixel TFT, and in addition, forms an electrical 
connection with the semiconductor layer 158 which functions as one 



electrode forming the storage capacitor. It is preferable to use 
a material having superior reflectivity, such as a film having Al 
or Ag as its main constituent, or a lamination film of such films, 
as the pixel electrode 170. 

A CMOS circuit composed of an n-channel TFT 501 and a p-channel 
TFT 502, a driver circuit 506 having an n-channel TFT 503, and the 
pixel portion having a pixel TFT 504 and a storage capacitor 505 
can thus be formed on the same substrate . The active matrix substrate 
is thus completed. 

The n-channel TFT 501 of the driver circuit 506 has: a channel 
forming region 171; the low concentration impurity region 134b (GOLD 
region) which overlaps with the first conductive layer 144 that 
structures a portion of the gate electrode; the low concentration 
impurity region 134a (LDD region) formed on the outside of the gate 
electrode; and the high concentration impurity region 139 which 
functions as a source region or a drain region. The p-channel TFT 
502, which forms the CMOS circuit with the n-channel TFT 501 by 
an electrical connection through the electrode 166, has: a channel 
forming region 172; the impurity region 157 which overlaps with 
the gate electrode; the impurity region 156 which is formed on the 
outside of the gate electrode; and the high concentration impurity 
region 155 which functions as a source region or a drain region. 
Further, the n-channel TFT 503 has: a channel forming region 173; 



the low concentration impurity region 136b (GOLD region) which 
overlaps with the first conductive layer 146 that structures a portion 
of the gate electrode; the low concentration impurity region 136a 
(LDD region) which is formed on the outside of the gate electrode; 
and the high concentration impurity region 141 which functions as 
a source region or a drain region. 

The pixel TFT 504 of the pixel portion has: a channel forming 
region 174; the low concentration impurity region 137b (GOLD region) 
which overlaps with the first conductive layer 147 that structures 
a portion of the gate electrode; the low concentration impurity 
region 137a (LDD region) formed on the outside of the gate electrode; 
and the high concentration impurity region 142 which functions as 
a source region or a drain region. Further, impurity element 
imparting a p-type conductivity is added to the semiconductor layers 
158 to 160 which function as one electrode of the storage capacitor 
505 • The storage capacitor 505 is formed by an electrode ( lamination 
of the conductive layer 148 and the region 132b) and the semiconductor 
layers 158 to 160, with the insulating film 151 functioning as a 
dielectric . 

The edge portions of the pixel electrodes are arranged so as 
to overlap the source wirings such that gaps between the pixel 
electrodes are shielded without using a black matrix with the pixel 
structure of embodiment 8 . 
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A top surface diagram of the pixel portion of the active matrix 
substrate manufactured by embodiment 8 is shown in Fig. 12. Note 
that portions corresponding to those of Figs. 9 to 11 use the same 
reference numerals. The dashed line B-B' of Fig. 12 corresponds 
to a cross sectional diagram of Fig. 11 cut along the dashed line 
B-B', and the dashed line C-C' of Fig. 12 corresponds to a cross 
sectional diagram of Fig. 11 cut along the dashed line C-C'. 

The number of photomasks required to manufacture the active 
matrix substrate can be set to five in accordance with the processes 
shown by embodiment 8. As a result, the number of process steps 
can be reduced, and this can contribute to a lowering of the 
manufacturing cost and increased yield ratio. 

A structure such as that above optimizes the structure of the 
pixel TFT and TFTs composing each circuits of the driver circuit 
in response to the specifications required, and it is possible to 
increase the operating performance and the reliability of the 
semiconductor device. In addition, by forming the gate electrode 
using a conductive material having heat resistance , the LDD regions , 
and source regions and drain regions are easily activated . Moreover , 
the wiring resistance can be sufficiently lowered by forming the 
gate electrode using a gate wiring low resistance material. 

Embodiment 9 
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In this embodiment, a manufacturing process of a reflection 
type liquid crystal display device from the active matrix substrate 
manufactured in accordance with Embodiment 8 will be described 
hereinbelow. Fig. 13 is used for an explanation thereof. 

First, in accordance with Embodiment 8, an active matrix 
substrate in a state shown in Fig. 11 is obtained, and thereafter, 
an orientation film 171 is formed on the active matrix substrate 
of Fig. 11, at least on the pixel electrode 170, and is subjected 
to a rubbing process. Note that, in this embodiment, before the 
formation of the orientation film 171, a spacer (not illustrated) 
for maintaining a gap between the substrates is formed at a desired 
position by patterning an organic film such as an acrylic resin 
film. Further, spherical spacers may be scattered on the entire 
surface of the substrate in place of the columnar like spacer. 

Next, an opposing substrate 171 is prepared. The colored 
layers 172, 173 and a leveling film 174 are formed on the opposing 
substrate 171 . The red-colored layer 172 and the blue-colored layer 
173 are partially overlapped with each other, thereby forming a 
light shielding portion. Note that, the red-colored layer and a 
green-colored layer are partially overlapped with each other, 
thereby forming a light shielding portion. 

In this embodiment, the substrate shown in Embodiment 8 is 
used . Accordingly , in Fig . 12 showing a top view of the pixel portion 
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in accordance with Embodiment 8, light shielding must be performed 
at least gaps between the gate wiring 169 and the pixel electrodes 
- 170, a gap between the gate wiring 169 and the connection electrode 
168 # and a gap between the connection electrode 168 and the pixel 
electrode 170. In this embodiment, the opposing substrate and the 
active matrix substrate are stuck so that the light shielding portions 
from laminated layer of colored layer each other overlap with the 
positions which need to be shielded from light. 

a 

Like this, without using a black mask, the gaps between the 

m 

Si 

respective pixels are shielded from light by the light shielding 

q 

^ portion. As a result, the reduction of the manufacturing steps can 

O 

S ' S! be attained. 
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Next, the opposing electrode 175 from transparent conductive 
!!IJ film is formed on the leveling film 174 , at least on the pixel portion . 
The orientation film 176 on the entire surface of the opposing 
substrate and the rubbing process is performed. 

Then, an active matrix substrate on which a pixel portion and 
a driver circuit are formed is stuck with the opposing substrate 
by a sealing agent 177. In the sealing agent 177, a filler is mixed, 
and the two substrates are stuck with each other while keeping a 
uniform gap by the effect of this filler and the columnar spacer. 
Thereafter, a liquid crystal material 178 is injected between both 
the substrates to encapsulate the substrates completely by an 
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encapsulant (not illustrated) . A known liquid crystal material may 
be used as the liquid crystal material 178. Thus, the reflection 
type liquid crystal display device shown in Fig. 13 is completed. 
Then, if necessary, the active matrix substrate or the opposing 
substrate may be parted into desired shapes . Further, a polarizing 
plate are adhered to only the opposing substrate (not illustrated) . 
Then, an FPC is adhered using a known technique. 

The liquid crystal display device manufactured according to 
above mentioned way can be used as a display portion of various 
electronic device . 

Embodiment 10 

CMOS circuits and pixel portions formed in accordance with 
the present invention can be used in various electro-optical devices 
(active matrix type liquid crystal display, active matrix type EC 
display and active matrix type EL display). In other words, the 
present invention can be applied to all of the electronic equipments 
having these electro-optical devices as the display section. 

The following can be given as examples of the electronic 
equipment: video cameras; digital cameras; projectors (rear type 
or front type); head mounted displays (goggle type display); car 
navigation systems; car stereo; personal computers; portable 
information terminals ( such as mobile computers , portable telephones 
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and electronic notebook). An example of these is shown in Figs. 
14, 15 and 16, 

Fig. 14A shows a personal computer, and it includes a main 
body 3001, an image input section 3002, a display portion 3003, 
and a keyboard 3004. The present invention is applicable to the 
image input section 3002, the display portion 3003, and other signal 
controlling circuits . 

Fig. 14B shows a video camera, and it includes a main body 
3101, a display portion 3102, a voice input section 3103, operation 
switches 3104, a battery 3105, and an image receiving section 3106. 
The present invention is applicable to the display portion 310 2 
and other signal controlling circuits. 

Fig. 14C shows a mobile computer, and it includes a main body 
3201, a camera section 3202, an image receiving section 3203, 
operation switches 3204, and a display portion 3205. The present 
invention is applicable to the display portion 3205 and other signal 
controlling circuits . 

Fig. 14D shows a goggle type display, and it includes a main 
body 3301; a display portion 3302; and an arm section 3303. The 
present invention is applicable to the display portion 3302 and 
other signal controlling circuits. 

Fig. 14E shows a player using a recording medium which records 
a program (hereinafter referred to as a recording medium) , and it 
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includes a main body 3401; a display portion 3402; a speaker section 
3403; a recording medium 3404; and operation switches 3405. This 
player uses DVD (digital versatile disc) , CD, etc. for the recording 
medium, and can be used for music appreciation, film appreciation, 
games and Internet. The present invention is applicable to the 
display portion 3402 and other signal controlling circuits. 

Fig. 14F shows a digital camera, and it includes a main body 
3501; a display portion 3502 ; a view finder 3503 ; operation switches 
3504; and an image receiving section (not shown in the figure). 
The present invention can be applied to the display portion 3502 
and other signal controlling circuits. 

Fig. 1 5A is a front - type pro j ector , and it includes a projection 
device 3601 and a screen 3602. The present invention is applicable 
to a liquid crystal display device 3808 which comprises one of the 
projection device 3601 and other signal controlling circuits. 

Fig. 15B is a rear- type projector, and it includes a main body 
3701, a projection device 3702, a mirror 3703, and a screen 3704. 
The present invention is applicable to a liquid crystal display 
device 3808 which comprises one of the projection device 3702 and 
other signal controlling circuits. 

Fig. 15C is a diagram showing an example of the structure of 
the projection devices 3601, 3702 in Figs. 15A and 15B. The 
projection device 3601 or 3702 comprises a light source optical 



system 3801 , mirrors 3802 # 3804 to 3806, dichroic mirrors 3803, 
a prism 3807, liquid crystal display devices 3808, phase difference 
• plates 3809, and a projection optical system 3810. The projection 
optical system 3810 is composed of an optical system including a 
projection lens. This example shows an example of three plate type 
but not particularly limited thereto- For instance, the invention 
may be applied also to a single plate type optical system. Further, - 
in the light path indicated by an arrow in Fig. 15C, an optical 
system such as an optical lens , a film having a polarization function , 
SI a film for adjusting a phase difference , and an IR film may be suitably 
P provided by a person who carries out the invention. 
□ 

E . Fig. 15D is a diagram showing an example of the structure of 

□ 

01 the light source optical system 3801 in Fig . 15C . In this embodiment , 
IJ the light source optical system 3801 comprises a reflector 3811, 
I,,* a light source 3812 , lens arrays 3813 , 3814, a polarization conversion 
element 3815, and a condenser lens 3816. The light source optical 
system shown in Fig . 15D is merely an example , and Is not particularly 
limited to the illustrated structure. For example, a person who 
carries out the invention is allowed to suitably add to the light 
source optical system an optical system such as an optical lens, 
a film having a polarization function, a film for adjusting a phase 
difference, and an IR film. 



Note that a transmission electro-optical device is used as 
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the projector shown in Fig. 15, a reflection type electro-optical 
device is not illustrated. 

Fig. 16A is a portable telephone, and it includes a main body 
, 3901, an audio output section 3902, an audio input section 3903, 
a display portion 3904, operation switches 3905, and an antenna 
3906 . The present invention can be applied to the audio output portion 
3902, the audio input portion 3903, the display portion 3904, and 
other signal circuit . 

^ Fig. 16B is a portable book (electronic book) , and it includes 

%£} a main body 4001, display portions 4002 and 4003, a recording medium 

*i3 4004, operation switches 4005, and an antenna 4006. The present 

O 

a: invention can be applied to the display portions 4002 and 4003, 

P and other signal circuit. 

Uh 

p Fig. 16C is a display, and it includes a main body 4101, a 

M* 

support stand 4102 , and a display portion 4103 . The present invention 
can be applied to the display portion 4103 . The display of the present 
invention is advantageous for a large size screen in particular, 
and is advantageous for a display equal to or greater than 10 inches 
(especially equal to or greater than 30 inches) in diagonal. 

The applicable range of the present invention is thus extremely 
wide, and it is possible to apply the present invention to electronic 
equipment in all fields. Further, the electronic equipment of the 
embodiment 10 can be realized by using a constitution of any 
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combination of the embodiments 1 to 9. 

The usefulness provided by the structure of the present 
invention is outlined in the following. 

(a) The structure is simple and applicable to existing process 
of manufacturing a TFT. 

(b) There is no need for positioning technique of micron- level 
precision to position a slit or the like. Nor, a special positioning 
unit is required in a laser irradiation apparatus. The invention 
can utilize an ordinary laser irradiation apparatus without any 
modification. 

(c) A TFT can be formed from a semiconductor film without leaving 
a material that has nothing to do with the function of the TFT in 
the semiconductor film. 

(d) The method according to the present invention is capable 
of forming crystal grains having a large grain size at designed 
positions, on top of possessing all of the above advantages (a) 
through (c). When a crystalline semiconductor film having such 
crystal grains is used to form a TFT, the obtained TFT can have 
greatly improved electric characteristics . 
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